: Sample details, analytical data and surface exposure ages. Sample 10 Be/ 9 Be ratios, measured at the Center for Accelerator Mass Spectrometry of the Lawrence Livermore National Laboratory, were normalized to one of the indicated standards, KNSTD (until mid-2007;  10 Be/ 9 Be = 3.15 x 10 -12 ) or KNSTD07 (after the year 2007; 10 Be/ 9 Be = 2.85 x 10 -12 ). Measurements normalized to KNSTD were corrected by a factor of 0.9048 during age calculation. The ages are calculated using the 10 Be production rate with a value of 3.85 ± 0.19 atoms (g yr) -1 (Balco et al. 2009 , normalized to standard 07KNSTD) and the scaling method 'Lm' (time-dependent version of Lal, 1991) according to Balco et al. (2008) . They are reported in calendar years before 2010 CE. 1! analytical uncertainties range between 1.5% and 3%, except for samples younger than 500 years, which have uncertainties between 3% and 10%. Table DR2 : Radiocarbon dates on fossil soils within superimposed deposits of the LIA composite moraine (Figs. 1 and DR5A, DR5B) and detrital logs found in basal till of the proglacial streambed at Tsidjiore Nouve Glacier (Fig. DR5C ) and glacier-climatic significance (Röthlisberger, 1976, Röthlisberger and Schneebeli, 1979) . All calibrated ages below are given as 2! intervals, referenced to the year 1950 CE (=BP, before present). They are calibrated with OxCal 4.1 (Bronk Ramsey, 2009 , 2011 relative to the IntCal09 calibration data set (Reimer et al., 2009 Fossil log 8400 ± 200 10120-8780
Timing of glacier advance, following a period of warmer climate Table DR3 : Statistics of the 10 Be ages from the crest and the recessional ridges of the pre-LIA moraine including different mean ages with respective uncertainties and the reduced chi-squares. For the 'weighted mean', both mean age and uncertainty were weighted by the inverse variances (e.g. Taylor, 1997) . The relative high chi-square value is a result of the exceptionally small 1! analytical errors of the individual ages (~1.5%). Hence, for both crest and recessional ridges the boulder age distributions indicate that significant errors due to complex geological conditions (inheritance from prior exposure, erosion, or boulder instability) or snow cover are unlikely.
10 B ages on crest (n = 10) 10 Be ages on recessional ridges (n = 7) Arithmetic mean ± standard deviation 11,440 ± 380 years 11,230 ± 210 years -incl. production rate uncertainty 11,440 ± 680 years 11,230 ± 590 years Weighted mean 11,440 ± 60 years 11,250 ± 80 years Peak age 11,470 years 11,190 years Median age ± interquartile range 11,430 ± 730 years 11,230 ± 290 years Reduced X Fig. 1 . The left photograph shows the position of boulder ARO-9, which is on a more ice-proximal and thus stratigraphically younger subsection of the composite moraine than boulder ARO-10, in agreement with the 10 Be chronology. Similarly, the right picture shows that ARO-12 is in a slightly more ice-distal and therefore stratigraphically older position than ARO-11, again in agreement with the 10 Be ages. (Röthlisberger, 1976; Röthlisberger and Schneebeli, 1979) . A: Photograph of the glacier and the moraine sequence in the year 1972 with white arrow pointing to the location of the excavated fossil soils. B: Schematic illustration of the two fossil soils found in superimposed moraine deposits in the LIA composite moraine and corresponding 14 C ages. According to the authors, the younger fossil soil was covered by solifluction during a cold period. C: Radiocarbon dated larch log embedded in basal till and washed out by the glacial stream (3440-2770 cal years BP). D: Left lateral moraine sequence with pilot age estimates, which are based on 4 radiocarbon dates at Tsidjiore Nouve Glacier (summary in Table DR2 ) in combination with radiocarbon dates from the nearby glaciers Findelen, Mont Miné, and Ferpècle (Röthlisberger, 1976; Röthlisberger and Schneebeli, 1979) . The deposition ages of 2500, 1500 and 900 years are presumably mostly inferred from 14 C ages at the three nearby glaciers. The white arrow in the back points to terminal moraine of the year 1817 CE.
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